Materials and Methods
General. Tert-butyl bromoacetate was provided from abcr. Perylene-3,4,9,10-tetracarboxylic dianhydride (PTCDA), tetracyanoquinodimethane (TCNQ), N,NDiisopropylethylamine (DIPEA), 1,4-diaminobutane, tetrahydrofurane, 2-propanol and acetonitrile (ACN, HPLC grade) were purchased from Aldrich. Toluene (HPLC grade) was from VWR. NMR spectra were recorded on a Jeol EX 400 (400 MHz) and chemical shifts are given in parts per million (ppm) and referenced to the residual solvent.
Antimonene mechanical exfoliation: bulk, commercially available antimony material (99.9999%, Smart Elements) was used. Preparation of isolated few-layer antimonene flakes was carried out using the mechanical exfoliation technique outlined in ref. [1] .
Thin antimonene flakes were transferred to Si (with 300 nm of SiO 2 capping layer)
substrates and first imaged using optical microscopy. Sonoplus 3100, 25% amplitude, 4 h, pulse 2 s on, 2 s off). The resultant dispersions were transferred into sealed cuvettes. All solvent transfer was carried out in the glovebox.
On-surface non-covalent functionalization with perylene diimide (PDI)
Sonicator device: Sonication was performed using a Hielscher UP400S ultrasonic processor equipped with a 3 mm sonotrode.
Centrifugation: Centrifugation was carried out in a MPW-350R centrifuge using 2 mL
Eppendorfs.
Atomic Absorption Spectrometry: Antimony determination was carried out by flame atomic absorption spectrometry using a ContrAA 700 high-resolution atomic absorption spectrometer (Analitik Jena, Germany). The main line for antimony at 217.5815 nm was employed for all the analysis. The atomization was performed using an air acetylene flame with an acetylene flow rate of 60 L·h -1 and at a 6.0 mm burner height. The aspiration rate was fixed at 5 mL·min -1 . All measurements were carried out in triplicate.
Turbidimeter: Measurements were carried out using a HI-88713 Bench Top Turbidity
Meter Hanna Instruments.
Absorption spectroscopy: Optical extinction and absorbance was measured on a Perkin
Elmer Lambda 1050 spectrometer in extinction, in quartz cuvettes with a path length of 0.4 cm.
Emission spectroscopy: Fluorescence was acquired on a Horiba Scientific Fluorolog-3 system equipped with 450 W Xe halogen lamp, double monochromator in excitation (grating 600 lines/mm blazed at 500 nm) and emission (grating 1200 lines/mm blazed at 500 nm) and a PMT detector using quartz cuvettes with a path length of 1.0 cm. Spectra were obtained at room temperature.
Atomic force microscopy (AFM) imaging: AFM measurements were carried out using a Cervantes Fullmode AFM from Nanotec Electronica S.L. WSxM software (www.wsxmsolutions.com) was employed both for data acquisition and image processing. [2, 3] Topographical images were acquired in a non-contact imaging mode to ensure that the tip would not deform the flakes. This is particularly relevant after the self-assembly of the PDI molecules on the antimonene surface. PPP-FM probes from Nanosensors TM (www.nanosensors.com) were employed. They have a resonant frequency of 75 kHz in air and a nominal stiffness of 2.8 N m -1 . The tip has a radius of curvature < 10 nm.
Optical microscopy imaging: optical micrographs were acquired in a Zeiss Axio
Imager.A2m optical microscope using white light illumination at normal incidence with a 100× objective.
Surface preparation: SiO 2 surfaces were sonicated for 15 min. in acetone and 15 min. in 2-propanol and then dried under an argon flow.
Scanning X-ray Photoelectron Microscopy (SPEM): experiments were performed at the ESCAmicroscopy beamline, [4] receiving synchrotron light from the Elettra storage ring in Trieste (Italy). The monochromatic x-ray beam is focused on the sample using a
Fresnel zone plate combined with an order-selecting aperture. The sample-illuminated area has a diameter around 150 nm and is raster scanned with respect to the microprobe. Photoelectrons are collected with a Specs-Phoibos 100 hemispherical analyzer and detected using a 48-chanel electron detector. [5] The electron analyzer axis is fixed at 30º with respect to the surface normal, in order to enhance the surface sensitivity of the instrument.
SPEM can be performed in imaging spectromicroscopy and micro spot spectroscopic 
Computational details of DFT calculations
All calculations were done adopting a plane wave basis set within the PAW approach using the Vienna ab-inito Simulation Package (VASP 5.4). [6] [7] [8] [9] [10] For geometry optimizations, we applied the exchange-correlation density functional according to Perdew, Becke and Ernzerhof [11] (PBE) in connection with the Grimme D3 dispersion correction [12, 13] (without Becke-Johnson damping) to properly account for van-der-Waals interactions. Most of the geometry optimizations were carried out using the "Gadget" driver by Bučko et al. [14] and were considered converged when all residual force components were smaller than 0.01 eV/Å. The plane wave cut-off energy was for structures containing only Sb atoms 250 eV, only P atoms 300 eV and in all other cases 450 eV. A Methfessel-Paxton smearing of first order with σ=0.05 eV was employed. [15] Bulk structures were optimized allowing for cell relaxation, for mono-and double layers of Sb (P) only the cell volume was fixed during optimization. For the later, a slab approach with at least 15 Å between the slabs was adopted. In case of the PDI functionalized models the cell parameters were kept fixed to those of the optimized "naked" layers. The PDI model was placed on a 6 x 5 super cell in case of BP, and on a 5 x 5 supercell in case of Sb. k-point sampling was done using Monkhorst-Pack meshes, [16] shifted to include the Γ point, if necessary. For further details, see
supplementary Tables 1-3 .
Final energies were evaluated at the thus obtained geometries applying the HSE06 exchange-correlation functional [17] (which provides more realistic band gaps than PBE), and the tetrahedron method including Blöchl corrections for interpolation between the k-points was used; [18] the plane wave cut-off energy was 450 eV. The remaining setup was as for the geometry optimizations.
Synthesis of the perylene bisimide (PDI) derivative
Synthesis of 2: Reagents and conditions: a) Toluene, 1,4-diaminobutane, 118 ºC, 4 h. b) ACN, DIPEA, tert-butyl bromoacetate, 60 ºC, 24 h.
The PDI derivative was synthesized according to Marcia et al. [19] Briefly, to a solution of PTCDA (4.1 g, 10.2 mmol, 1.0 eq) in toluene (100 mL), 1,4-diaminobutane (3.6 g, 40.8 mmol, 4.0 eq) was added. After stirring at 118 ºC for 4 h, the reaction mixture was cooled down and filtered, to get a crude, which was washed with toluene and dried under vacuum. Afterwards, the crude solid was re-suspended in KOH 5M
(80 mL) and stirred at room temperature for another 15 h. After this time, the suspension was filtered, and the product was washed with water and dried overnight under vacuum to give 1 (4.8 g, 87.5 %) as a red-brownish solid, which is ready to be used in the next step. Subsequently, to a solution of PDI precursor 1 (4. 
Scanning XPS photoelectron microscopy Deconvolution of Sb 3d Core Levels
The line shape of Sb 3d core levels was fitted using a Shirley background and asymmetric doublet pseudo-Voigt functions for Sb 3d and a single function for O 1s, which appears in the same binding energy range. [20] The fit was optimized using a Levenberg-Marquardt algorithm with a routine running in IGOR Pro (WaveMatrix Inc.). The quality of the fit was judged from a reliability factor, the normalized χ 2 .
Supplementary Table 1 : Binding energies (eV, referred to Fermi energy) of the components shown in Fig. 2b Fig . S13 shows a summary of Sb 3d core levels taken in different points of the reference sample ( Fig. S13c) and of the functionalized sample (Fig. S13d) . Note that the intensity ratio between metallic and oxidized Sb components is similar in all the points, as evidenced from the similar line shape of the Sb 3d3/2 components (around 540 eV BE).
On the contrary, the intensity of the O 1s peak changes significantly in the different flakes. Note also the case of point E of the functionalized sample, which is dominated by the O 1s line shape. Figure S13 . a) and b) Sb 3d images from the reference sample and the functionalized sample, respectively, as described in Fig. 2 . c) Sb 3d peak from points A, B and C in the reference sample. The peaks B and C are offset in vertical direction. d) Sb 3d peak from points D, E, F and G in the functionalized sample. The peaks D, F and G are offset in vertical direction and peak E is multiplied by a factor 0.4. In panels c) and d), black dots are experimental points and the lines are a guide to the view. [18] ). [18] converted to hexagonal setup). 
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